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ABSIHACT OF THE BlSCXOSUim' ■ 

An error-correcting system for ttse in a di^tai data 
commuaicalion system. Tbe system: comprises an eacod- 
ing apparatus responsive, to a digital data word for de- 
veloping a maximal length shift register code word cor- 
responding thereto. Means are also provided for delving 
digits in selected positions of the developed code word 
to thus provide a punctured code w'ord. This punctured 
code word is applied to the transmitting end of a com^- 
munication channel which operates on the punctured 
code word tp produce a received word at the receivmg 
end of the channel. The channel may introduce random 
errors. Means are provided at the receiving end for de- 
veloping a plurality of punctured cyclic peTmutations of 
the maximal length shift register code word. The received 
word is then compared with each of the punctured cyclic 
permutations. 

The invention described herein was made in the 
form an ce of work under a NASA contract and is subject 
to the provisions of Section 305 of the National Aero- 
nautics and Space Act of 1958, Public Law 85-568 (72 
Stat 435; 42 USC 2457). 

Thi^ invention relates generally to digital data com- 
munication systems and more particularly to error-s^r- 
recting methods and apparatus for encoding and decoding 
digital data. 

As a consequence of the Increased use of digital com- 
puters and data processing systems, the Peed for goc^ 
digital communication systeuis has increased. The overall 
function of such systems, of course, is to accept Infonna- 
tioa. from a transmitting station and convey it to a re- 
ceiving station without modlhcaddn. Inasmuch as afl 
ph3^slca! communication, cbmmels are, as a practical mat- 
ter, subjected to noise effects, it is often difficult to be 
sure that the received information is identical to the trans^ 
mitted information. In order to ipinimize the likelihood 
that irahsmltted inforniratlon is incorrectly interpreted at 
the receiving station, many different error-coirccting pro- 
cedures have been developed which considerably increase 
the likelihood of correct Interpretation even In the pres^ 
ence of unfavorable noise conditions on the commumca- 
tlon chaimel. One type of error-correcting procedure m- 
volves encoding the dam at the iransmittmg station In ac- 
cordance with an error-correcting code and then decoding 
the received information in accordance with the same 
code. Very brieffy, many of these errorKX)rrecting cod^ 
are based on the premise that by properly choosing a 
code word dictionary or code block in which the words 
are sufficiently different firbm each other, the correct 
transmitted word can be selected from the dlctionaiy 
even though the received word does not exactly match any 
of the words in the dictionary., v 

The subject of error-correcting codes is treated in detail 
by Peterson in book entitled “jError-Correcting Codes,** 
published jointly by the MXT. Press and John Wiley & 
Sons, Inc. In chapter I thereof, the author indicates that 
the book is primarily concerned v/ith block codes and 
goes on to say: 


nel symbols, or n-tuples. Only oertafn selected xi^tuplt^ 
called code blocks or, more commonly, code words, are 
transmitted. At the receiver a deckioa is made, oa the 
5 basis of the information in the received «4nple, cosiCem- 
ing. the c^de v/ord transmitted. Thh decisiodsi is a statis- 
tical decision; that is, it is of the natuine a be^ gn^S 
oh the basis pf available infpmation bnf would ijot be 
infaillble. W’ith a good code, the probability of a wrong 
j0 decision may be much smaller than the probability that 
the original channel input symbols are reproduced wdtb- 
out error at the chamsel 

The present invention relates to n^thod and ai^^Euratns 
improvements for facilitating the use of enor-corTecting 
15 block codes. 

it should be realized of com^ that if the code word 
dictionary has a relatively small number of entries and 
each of the entries is comprised of a relstK^ely large num- 
ber pf digits, it could be Very e^y to select the proper 
20 dictionary word corresponding to a received word con- 
taining errors, It is of . course inefficient however to make 
the entries any longer than is absolutely necessary. More 
particularly, since every actual comman'cation channel 
has a definite capacity, if more digits are transmltt^ per 
23 word than are actually necessary, the rate at which words 
are transmitted over tbe channel is unnecessarily re- 
stricted, ' 

In view of this, it is an object of the present invention 
to provide an Improved method and app^atus forencod- 
30 ing and decoding in accordance with eScient error-, 
correcting codes. 

As an example, consider that the output cf a data proc- 
essing system, comprised of words having three binary 
digits or bits. Is to be traasmitled over a communication 
35 channel. Of course eight different v/ord$ can be defined 
with three binary digits. If these words were put directly 
on the communication channel, loss of a single bit in any 
word would prevent the receiving station from ascertain^ 
ing v/hat word was actually transmitted. By encoding each’ 
40 of these eight words in accordance with some error-cor- 
recting code at the transmitting station, as by adding cer-. 
tain check bits to each three bit wwd, and by decoding 
in accordance w'ith the same code at the receiving sta- 
tion, the transmitted word can be ascertained even if a 
45 bit is lost .in the channel. As previously implied, it is de- 
sirable to use as few check bits as possible InaOToch as 
the rate of information transmission is inversely related 
to the number of check bits used. The rate can be defined 
as k/n where k represents the number of information bits 
50 in a data word and n represents the total number of bits 
in a code word. Efficiency is of course proportional to 
rate and an error-correclLng code that is 100% efei^Eit, 
would only have to transmit three bits to represent three 
data bits. A code o! this efficiency could not however cor- 
55 reet any errors. As codes with decreasing efffeiesdes are 
selected, their error-correcting capabilities increase. Li- 
asmuch as the noise effects to which a channel is sub- 
jected can vary from day to day ahd further, since the 
required correctness for any transip'ssion can vaiy from 
55 message to message, it is desirabk i provide error-cor- 
recting encoding and decoding apparatus wh:ch can oper- 
ate in accordance with any one of a plurality of selected 
f^tes. Accordingly, it .is a further object of the pre^nt 
^ invesition to provide a method and apparatus which cm 
5a be Gyrated with apy one of a plurality of selected fates. 

A p^rtieolar class of cod^ called length shift 

register codes has proved to very itseful for error- 
correcting, These codes are discussed in chapter VIII of 
the above-cited book. Briefly, the rnaximal length shift 
^5 register codes, for any k are, by definition, formed bv tak- 
ing all of the cyclic permutations of a maxinaal Jengtb . 
shift register sequence. Because these codes are so easily 
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generated and l^cause each of the code words Is a cyclic 
shift of any one of the other words, rather cMcient cn* 
coders and decoders can be develops^ 

The present inventloa i$ based upon the recognitioa 
that all optimal error-correcUng (n^ 1:) codes for fixed 
k and 1 can be considered as codes “punt> 

tured” from a parent maximal length shift register code 
of length As a consequence, encoding and decod- 

ing apparatus useful for codes in which /j.-5=2^— 1 can ^so 
be used for cqd^ having other n values by providijig a 
puncture progr^ means which . caiises the punctoed 
digits in the codes to be deleted from the encodwg and 
decoding procedures. Thus* in accordimce with the in- 
vention, a single apparatus which may be referred to 
**A Punctured Sysk^matsc Cyclic Coder” is provided 
which, without signiScam change, is able to encode, ahd 
decode data in accordance w^ih codes having different 
rates and 'error-correcting abilit*es. 

The novel features that ar“e considered characteristic 
of this mventicn^ are set forth with particularity in the 
appended claims. Ihe indention itself both as to its or- 
ganization and method of operation, as well as additional 
obiects and advantages thereof, will . best be understood 
from the following description when read in connection 
with the accompanying drawings, in which: 

FIGURE i is a block diagram of a typical data com- 
munication system;: 

FIGURE 2 is a block diagram of an apparatus for 
generating .maximal iengih shift register codes; 

FIGURE 3 is a blp<i diagram of an encoding appa- 
ratus in accordance with the present invention: 

HGURE 4 is a block diagram of a decoding apparatus 
in accordance wich the prejent invention; 

FiOUI^ 5 is a block diagram of a modiSed decoding 
apparanis; and 

FIGURE d is a block diagram of a still further decod- 
ing apparatus embodiment. 

Attention is initjally called tp FIGURE 1 which gen- 
erally dlukrates a data commurJcatio^ system in which 
information is to be tr^smitted from a data source ID 
at a transmitting station 12 to a data receptacle 14 at a 
receiving station 16 over a transmbsion cbaimei IS. Since 
error causing noise effects can be encountered regardless 
of the exact physical configuration of the channel IS or 
the distance separating the source from the receptacle 
14, the model of FIGURE i eouaiiy well represents an 
information storage system in wMch information is trans- 
mitted to some itora^ medium from a data source 10 
and then later retrieved by a receptacle 14, 

Ideally, the infOnjtatioii received by the receptacle 14 
should be idenllcal to the iaformation provided by the 
data source 1§. However, as a practlcalmstter, the chaa- 
sei or storage medium lU Is of^ subjected to environ- 
mental effects which modify the data being transmitted; 
la order to enable the receiving station to correctly in- 
teipret. a received word even though thst received word 
may contain errors, error-correcting systems are known 
in which the information provided by the data source 10 
is encoded at the transmffting station 12 in accordance 
with an error-correcting code by an encoder 20. An error- 
correcting decoder 22 decodes the information provided 
by the channel IS M accordance with the same error- 
correcting code iitUi^ at the transmitting station. The 
present invention is directed toward Improvements in a 
method and apparatus for encoding and decoding digital 
data to correct ejrors introduced therein. 

For the sake of simplicity, the discussion of digital data* 
herein will be restricted to binary data, but it is expressly 
pointed out that the techniques di^Iosed can be extended 
for use with dlgila! systems having other radices. 

The concept of the invention is based on the following 
lemma: 

Lemma^AM «, I: block codes with*;ut repeated col- 
umns can be obtained by ddelihg -or punefuring ajitain = 
of the coordinates of a maximal length shift register code. 
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Propf.-^Let G vepresent the Irx2^— I (see Table I in 
which ^=:3 has been assumed) matrix such that the rows 
of G are the generators of the (2^—1, k) maximal.Ien^ 
shift register (Or transorthogonal) code, it is well known 
that each of the 2^-r-l noh-?ero ir-tuples is represented 
once and only once by the colunins of G. Hence, the col- 
umns of the generators Q of code which does not 
contain either repeated columns' or the all^zero column 
must consist of a subset of these ^-tuples. Those Jt-tuples 
winch are not used may then simply he deleted from those 
of O. 

TABhEX 


IS 


20 


Columns 



FIGURE 2 illustrates a maximal length shift register 
^ code generator which functions to successively define the 
states expressed by the columns of Table 1 More paiticu- 
lariy, the generator of FIGURE 2 is comprised of k flip- 
fiops (herein, The output of Mp-^op FI k con- 

nected through an And gate 24 to the input of fiip-flop F2. 
'pie output of ffip-flop F2 is connected to* the input of an 
And gate 2C whose output is connected to the input of a 
fiip-fiop F3. The outputs of tilp-fiops F2 and F3 are con- 
nected to the input of an exclusive Or gate 28 whose out- 
put is connected to the input of And gate 30. The And 
3 ^ ga^s 24, 26, and 30 are all enabled ia response to the out- 
put of a clock source 32. Assuming that the ilip-fiops FI, 
F2, and F3 respectively initiany define the state repre- 
sented by column 1 of Table I, then the succeeding pulse 
provided by the clock source 32 will modify the filp^ffop 
4 Q states to the word represented in column 2 of Table I, i.e. 
iOO respectively. Similarly, dock pulse will change 
the contents of the ffip-dops to that represented by the 
columns of Table I. The vertical row^ of Table I represent 
cyclic permutations of a maximal length shift register 
code.. Each cyclic permutation can be used as a dictionary 
code word. Thus, if the generator of FIGURE 2 initially 
stores the data word in column i of . Table I, code word 1 
of Table II will be mimlly generated at the output of the 
generator which is the output of fiip-fiop F3. Siraiiarly, 
the data word of column 2 of Table 2 will initially gsn- 
erate code word 2 of Table II, etc. 

TABI,B XX 

Code Word 

6>3 f 1 — 1 0 e 1 0 1 1 

^ f ? — ‘ 0 0 i a 1 1 1 

#3 0 1 0 1 I t & 

#4 — 10 1 1 1.0 0 

#3 — — 0 1 1 1 0 0 1 

Table II defines al! of thcr^code words in a maximal 
length shift register {n, k) code where ^=3 md 
f2~2^— 1=7. It can be seen that the imtial k bits in each 
^ word comprise the data or information bits and thus the 
remaining 2^— 1— i bits comprise the check bits. It can 
be noted froni Table II that all oi the code words are 
cyclic permutadons of each other. Likewise, they have 
^ 0 ' that the modulo 2 sum of any two of the 

bode words forms another one of the code words; c.g. 

looimi 

.0010111 (1) 
75 ‘ ToiliOO 
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Two other characterisdcs of maximal len^h shift regis- 
ter codes are also siga^caat and should be noted; 

(1) Each code word contains “I’s.** 

(2) Each code word contains 

Let the term **distaaee’’ (d) t^tween a pair, of words 
be defined as the weight (number of Vs) of the modidp 
2 sum of the word; e.g. the distance between arbitrarily 
chosen seven bit words (not maximal length shift register 
codes) 01 11010 and 1010101 is obtmaed as follows; 

01 11010 

1010101 (2) 

iiomi 

Thas,d=5=6* 

For the maximal length ^ift register codes, the distance 
between any two difterent code words should of course be 
equal to i.e. the number of Vs in any code word 
since the modulo 2 sum of any code word is another code 
word. Let the fixed distance between two difterent code 
words be defined by dQ so that for the code represented 
by Table Bt, 

Assume that the data source 10 can provide any one of 
the seven data words illustrated in the .columns of Table 
I to the error-correctsng encoder 20 of FiOURE 1. Con- 
sider the situation where a word received by the decoder 
22 exactly matches one of the code words; e*g» 

2001011 (received word) 

lOOIQll (codeword) (3) 

OODOOOO (modulo 2 sum) 

Thus,if=0. 

It Is noted and should be apparent that the distance be- 
tween the received word 'and the correct code word is 
equal to zero. On the other hand^ the distance between 
the received word and any other code word is equal to 
four; e.g. ‘ 

100201 1 (received word) 

001011! (code word) (4) 

lOiliOO (modulo 2 sum) 

Thus, 4, \ 

Now' assume that in the transmission of the desired 
code word, some noise Is introduced in the communica- 
tion chanaei and the word is received with one bit modi- 
fied; e,g. lOllOIl instead of 1001011. . 

By adding this received word to the code word it is 
intended to represent, a distance apart of one is obtained; 
e.g. 

101 101 1 (received word) 

2001011 (code word) ’ (5) 

0010000 (modulo 2 sum) 

Thus, 

On the other hand, if the received word is added to ati^ 
other code word, it is s^n that the words are a distance 
of at kast three apart; e.g. 

1011011 (received word) 

OOlOill (code word) (6) 

lOOilOO (modulo 2 smft) 

Thus, 

It should be apparent of course that the illustrated re- 
ceived word would be a distance of five from other code 
words, 

Thus^ the presence of a one bit error can be detected 
and corrected using a (7, 3) code. If there were two bit 
errors in the received word, it would be a distance of two 
apart from both the intended word and some of the other 
code words. In this case, of <x>urse, it w’ouid be impossible 
to correct both errors because there is no code word 
uniquely associated with the smailest distance from the 
received- word. However, the rucre fact that there are two 
errors in the received word would be apparent from the 


fact that it is at least a distance of two from every co^ 
wor^ Thus, a (7, 3) code is able to detect two errors but 
conect for only one error* 

More generally, as long as the cfistance between a re- 
5 ceived. word and' a code word is le^ than do/2 where, as 
previously noted, in a (2^*— 1, k) code, the er- 

rors can be corrected and the proper code word fleeted 
This can be seen from what has been said thus fax inas- 
much as the distance between a ^operly received word 
jQ and any code word in a (2^—1, k) code should be be- 
tween zero and 2^*“^. As bit errors are introduced, the dis- 
tance between the transmitted code word and the received 
word will increase from zero as the distance between the 
received word and other code words will decrea^ from 
15 Midway, i.e. at do/2 (2^-^/2 herein), the received 
word could be the same distance from the transmitted 
code word as from other code words and thus conection 
would be impossible. Thus, the general technique of the 
present invention is to compare the received word succes- 
20 sively widi each code word to seek the code word which 
is a distance of less than d^/2 from the received word. It 
siiould be apparent that for different («, k) codes, the dis- 
tance dii will differ. As an example. Table IH expresses d© 
for each of several different (n, k) codes and, in addition, 
25 the number of enors (e) that can be corrected using that 
code^ . . 

tCABLB ip 




€ 

(7,3)...-.w 

4 

I 

(6,3)-. 

3 

1 

(4,3).-. 

2 

0 

(3,3) 

1 

0 

(15,«— 

S 

3 

(14.4) 

7 

3 

(13,4) 

6 

2 


From Table HI, it. can be noted that a (6, 3) code w01 
correct the same number of errors as the (7, 3) code but 
of course will be more efficient. Similarly, with the (14, 4) 
code and the (15, 4) code. The (6, 3) code can, for ex- 
. ample, be formed by cancelling any vertical row in Table 
II inasmuch as this would result in a code in which 

As previously pointed out, in accordance with the 
present invention, all (/?, k) codes are treated as punc- 
tured maximal length shift register codes. Thus, in en- 
coding, a punctured sequence program is run along with. 
45 a maximal length shift register generator of the type 
shown in FIGURE 2, to puncture the codes or in other 
words, cause some of the bits to be deleted from the 
ti-ansmitted word. Thus, the (6, 3) code can be developed 
from the conventional ma^tual length shift register gen- 
50 erator shown in FIGUI^ 2, 

In decoding, as the. received word comes la, the modulo 
2 sum for the received word and each of the code words 
is successively derived. A determination is then made 
as to which code word is the smallest distance from the 
55 received word and this code word is selected as being 
the transmitted code word. 

Attention is no^y called to FIGURE 3 which illustrates 
a preferred implementation of an encoder in accordance 
with the present invention. The output of the data source 
50 10 is connected to the input of an And gate 40 in the 
encoder 20. The output of the And gate 40 is connected 
to the input of a maximal length shift register code gen- 
erator 42 which can be implemented as shown in FIG- 
URE 2. The data source 10 can thus supply a word of k 
65 bits, e.g. a data word in one of the columns of Table I, 
to the generator 42. In response to clock pulses coupled, 
thereto on conductor 44, the generator 42 wiil provide a 
maximal length shift register code word having 2^—1 
bits at its output. As noted, if Word 1 in Table I were 
70 entered into the generator 42, it would provide code 
word 1 of Table II at its output. The clock pulse con- 
ductor 44 is connected to the output of an Or gate 4€- 
which can deliver pulses from either one of 4w'o sources. 
More particularly, the first input to Or gate 46 is derived 
75 from a diylder circuit 48 which divides the output (G/j) 
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of a clock source 50 by (2^—1) to provide clock pulses over the communicaticm ehauacl are alternately entered 

(C/g) at a slower rate, Tlie second input to Or gat&.46 into the input registers 05 and ^0. When a word is n<«: 

is derived from an And gate 51 which, when enabled, Jbeing entered into the input register, the word stored 

provides dock pulses (C/i) directly from Uie clock 50, therein is being successively compared with each rnaximal 

Thus, when And gate 51 is enabled, clock pulses (C/j) 5 length shift register code word to determine w^ch code 
will fee provided to the generator 42 at a ratte word is the smallest distance from the received word, 

times greater than when tlie And gate 51 is disabled- When the Sip-Sop 75 is false and the received word is 

The And gate SI is controlled by the outpui of a punc^ feeing entered into the input register 90, the information 

ture sequence programmer 52. The puncture sequence ‘ m register S6 is feeing redreviated through And gate 92 

programmer 52 can comprise a shift register which stores whose output is connect^ to the input of previously men- 
a bit m each of the bit positions to fee deleted or Honed 0r gate S4. On the other hand; when fiip-dop 75 
punctured from the maximal length shift register code. Js true and data is being entered into the input register 
The contents of the puncture ^uence progmmmer 52 M, the contents of the input register 90 are being recif-- 

is shifted in lesponse to the output of the gate *46 applied culated ihrough gate 94 whose output is connected to the 

to conductor 54, When the punctiire sequence program- js input of gale SS. When informatioxi is being entered into 
mer provides a *"1” bit on its output conductor 56 coupled the registers S6 and 90, the contents thereof are shifted 

to the input of gate 51, a dock pulse <C/i) of the faster at the same rate as bits are provided by the gate 50 of 

clock rate is applied from clock source 50 to the gen- ‘ FIGURE 5. Thus, the output of clack 50 (Cli) divided 
eratbr 42. The output of the generator 42 is coupled to by (2^—1) (C/2) is connected to the input of gates 96 
the input of a single Sip-flOp SB. The output of the Hip- 20 2nd 9B. The outputs of gates 96 and 98 are respectively 
ftop SB' is gated through an And gate 60 in response to a connected to the inputs of Or gates 100 and 102 whose 
clock (C/slprovided on conductor 62 fey the output outputs are respectively cormetted to the clock input ter^ 
of the divider 48. Thus, so long as, the puncture sequence minals- of the registers S6 and 901 Thus, when fiip-Sop 76 
programmer 52 provides. bits, the generator 42 will is Inie, the clock pul^s are applied at a slow rate (C/a) 

continue to provide bits of the maximal length shift 26 through gate 96 to the register B6, On the other hand, 
register code >vord to the Hip-ilop 50 which bits will then when the ftip-Hop 76 is false, the clock pulses are applied 

be gated through the gale 60 at each clock pulse (C4). 3t a slow rate (C/j) to the input register 90. Whereas the 
When, however, the puncture sequence programmer 52 contents of the registers 86 and 90 are shafted at a rela- 
provides bit outputs, the punctured bit will be pro- lively slow rate when mformattoa is being entered there^ 
vided to the ftip-Hop SB considerably piior to the divider 30 in, when it is being successively compared with the code 
48 providing a pulse (C/^). W'hen the divider 48 next words, the high frequency clock pulses (C/j) are respec- 
provides a clock pulse (CI2) to the gate 60, the gate- will lively applied through gates 104 and 106 to the registers 
output the next unpunctured bit: 86 and 90- 

The output of gate 46 is also connected to the input The outputs of the registers 85 and 90 are respectively 
of a control counter adapted to count up to 2^—L When 35 connected through And gales 110 and 112 to the input 
the control counter reaches its maximum count, it enables of an Or gate 114 whose output is connected to the input 
the gate 40 to thus cause another v/ord to be transferred of a comparator 116, During the tirhe that a new data 
from the data source into the. generator 42. The output word is being entered into one of the registers, e.g. re^- 
pf the control counter 64 is also utiliaed as a word s^mc ter 90, the contents of the register 86 is compared with 
pulse by the decoding equipment as will fee discussed here- 40 every cods word in tfee dictionary, the code words being 
inafter. generated on conductor 118 coupled to the comparator 

It should be appreciated that whereas a durattem de- H6. The comparator 116 includes an exclusive Or or 
fined by seven clock pulses (C/2) from the divider 48 is half adder circuit which provides a “T* output pulse 

necessary to output a code word of a (7, 3) code, a whenever the bits coupled thereto differ. These output 

duration .deimed by only six pulses from the divider 48 is 45 pulses are cumulatively counted by a counter 120, to 
necessary to output a, code word of a (6, 3) code. Thus, thus develop the distance between the received word and 

the encoder apparatus of FIGURE 3 is able to encode each code word. 

data in accordance with codes of di^erent efSciencies In order to understand the operation of the equipment 

merely by modifying the contents of the puncture se- thus far recited, ctmsider that a word sync pulse arrives 

quence programmer 52. As previously noted, the deter- 50 conductor 78 to ’switch the fiip-ftop 76 to a false state, 
minatjon of v/hat code shouid be utilized at any time is As a consequence, the input register 86 will start sue- 

based on several considerations indvdlng the current re- cessively providing bits of the previously received word 

liability of the channel, the transmission accuracy desired, to the comparator 116. In synchronism therev'ith, bits of 
etC; . the code words wilf fee prorided on conductor 118 to 

Attention is now called to FIGURE 4 which illustrates 55 th© compaiator 116. For each cycle of the input register, 
a decoding apparatus for decoding data received from one code word is provided on conductor IIB. The input 
the output of And gate 60 of FIGURE 3. The data is register 86 will cycle 2^1 times between word sync 

coupled by a conductor 70 to the input of And gates 72 pulses m order that each of the code words can te com- 

and 74. And gate 72 is enabled when fllp-ftop 76 defines pared with the received word, 

a true state and And gate 74 is enabled when Hip-Hop go ^ counter 122 Is provided to count the output pulses 
76 dsHnes a false state. The word sync line 78 derived provided by dock 50 and to provide a single output pulse 

from the output of the control counter of FIGURE 3 is Jot each cycle of the registers. Thus, after the received 

connected to the input of And gates m and 82 whose is. compared with each code word, the counter 122 

outputs are respectively connected to the set and reset provides an output pulse. The output of counter 122 is 

input terminals of the Hip-Hop 76. The second input to §5 connect^ to the input of each of And gates 124 and 
each of And gates 80 and 82 is respectively derived from The outputs of And gates 124 and 126 are cem- 

the false and true output terminals, of the Hip-flop 76. netted to the input of a second comparator 128. The sec- 
Thus, the flip-flop 76 changes state in response to. each inputs to And gates 124 and 126 are fespectlveJy 

pulse provided by the control counter 64 of FIGURE 3. derived from the output of the previously mentioned 
Thus, the data is alternately gated through gates 72 and .70 Gounter |2§ and the output of a storage means 130 which 
74. (3ate 72 is connected to the input* of an_Or gate 84 , stores the previous smallest distance between the received 
who^ output is connected to the input of ah Input regis- word and a code word. That is, when the counter 122 

ter 86. The output of gate 74 IS similarly connected to the provides an output pulse at the end of each cycle, the 

input of Or gate 88 whose output is connected to the counter J?0 will store a number representing the di dance, 

input of a second input register 90. Thus, wards received 75 between the received word and the code word just com- 
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pared with the received word. The comparator 128 wi!l 
compare the distance expressed by the count in counter 
12© with the distance stored in means 150 which expres^s 
the smallest previous diiierence betweeh the received word 
and a code word, if the distance defined by counter 120 5 
is smaller than the distance stored in the storage means 
IM, the comparator 128 will enable gate 132 to transfer 
the contents of the counter 120 to the storage means ISO. 

In addition, the comparator 120 wiii enable gate 134 to 
transfer the data bits, i.e. the initial 1' bits in the code jq 
word associated with the smallest distance being trans- 
ferred to the storage means 130, to an inlensediate hold 
register 136. The output of the intermediate hold regis- 
ter 136 is connected to the input of And gate 13S whose 
output is connected to the input of tire output register 15 
14©. The gate 138 is enabled in response to the. word sync 
pulse to transfer the contents of the register 136 to the 
register 14© after a received word has been compared 
with all the code words. 

The code word generator 142 for successively providing 20 
the code words on the conductor 118, includes a maximal 
length shift register generator 144 which can be of the 
type shown in HGURE 2' and similar to. generator 42 of 
FIGURE 3. The ciock input terminal pf the generator 
144 is connected to the output of Or gate 146 to which 23 
pulses can be fed at the norma! clock rate (G/i) or at a 
rate 2^ — 1 times greater than the nomial clock rate fi-e. 
(2^— 1) C/js=:=C/o] if gate 148 is enabled. In addition, the 
output of counter 122 is connected to the input of gate 
146 for shifting the output of generator 1.44 one bit rela- 30 
tive to the contents of the input registers after each dif- 
ferent maximal length shift register cyclic permutation or 
code w^ord is compared with a received word. 

The output of the last stage of generator 144 is coupled 
to the input of a gate IS6 whose output is connected to 35 
the input of the comparator H6. The cutouts from the 
k stages of the generator 144 are coupled to conductor 
152 which is connected to the input of gate 134., 

Assuming initially that the system is operating on un- 
pimcturcd codes, i.e. a (2*^—1, k) code, a received word 
will be compared with each code word in 2^—1 clock 
periods (C/i) inasmuch as each word contains 2^—1 bits. 
After the 2^—1 bits of a code word are compared with 
the corresponding bits of the received word, the counter 
122 will shift the contents of generator 144 to then let 
a subsequent permutation be compared with die received 
word. Since each received word is compared with 2^—1 
code words, a total of (2*^— 1)2 clock periods (G/j) Is 
Inquired to detennine the code word identified by the 
received word. During this time, the other input register ^ 
is being loaded. That is, it will be recalled that one bit 
is delivered by And gate 6© for each 2^—1 dock pulseS 
(C/|) and a total of 2^—1 clock bits must be delivered 
over the communication channel. ‘ Accordingly, it also 
takes (2^—1 )2 dock periods (C/i) to enter a new re- y „ 
ceived word into an input register. It should be realized 
that no harm is done if it takes longer to enter new re- 
ceived words since the' received w^ord being compared 
will continue to be compared, but of course wdil not 
modify the contents of the register 136 storing the already ^ 
located correct code w^ord,. 

When punctured codes, Le. (n, k) where are 

used, the length of the input registers 86 and 90 Is re- 
duced to A puncture ^quence programnier 154 similar 
to programmer 52 of FIGURE 3, is provided with 'T" 
bits in eadj of the bit positions to be puiktiired. The out- 
put of the puncture sequence programmer 1S4 is con- 
nected to the input of gate 14S which, wh^n enabled, 
couples clock pufses (C/o) at a rate 2^—1. tij^s the nor- 
mal clock rate (C/x) to both the gate 146 and Or gate 
147. Inasmuch as the output of the generator 144 is 
cou|ded through an And gate 156 gated by the normal 
clock rate (C4) to the conductor 118, eorrespondmg bit 
positions from each of the code words wiH he deleted, 
that is, will not be gated throng 156 to the comparator 75 
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116 when the puncture ^quence programmer 154 is be- 
ing shifted by the CIq cIcKjk pulses. Pfogrammer 154 i$ 
Bormaliy shifted by the €!% clock pulses when the pro- 
gram.mer 154 output is “0.** Unis, each of The received 
punctured words will be compared with a pxmctured code 
wurd In the same manner as the unpunctured code wcid^ 
ire compared. Thte counter -120, comparator 128 and stor- 
age means 13© of course operate similarly to determine 
Tvhich of the punctured code words is closest to the pmac-^ 
tured received word and that code word is ultimately en- 
tered into the output reg&ter 140^ 

An ^sumption has been tacitly made thus far that no 
use would be made of an all. O's data wo^d because its 
con^ponding; code word Is skoiarly comprised of all 
‘'O's’’' aiid th:ts is not a cyclic permutation of the other 
code wcu-ds. Since the deceiving procedure which has been 
described, involves comparing each received word widi^ 
' every cyclic permutation provided by generator 144 and 
sincie this generator wiU not provide an ail O’s word, the 
apparatus of FIGURE 4 must be modified if an all O's 
word is to be bandied. It is of course desirable that the 
system be capable of handling an all O’s word since this 
permits 2^ rather than 2k~l different words to be used. 

The modifications to FIGURE 4 necessary to decode 
ah aii word are shown in FIGURE 5. Essentially 
they involve merely applying ”0’s” to the camparator 116 
for 2^—1 clock pulses (Cii) after the word sync pulse 
and during this period inhibiting the coupling between gate 
iS6 of FIGURE 4 and the comparator 116. After these 
initial 2*^—1 pulses, the apparatus can function as de- 
scribed in FIGURE 4. It is of course necessary however 
that the word sync puls^ be spaced by a greater interval 
in FIGURE 5 In order to permit the received word to be 
compared with 2^ rather than 2^--l code words* 

More specifically, the modifications iilustrated in FIG- 
URE 5 involve providing a 0 word fiip-llop 159A which 
is set true in response to a word sync pulse. The false 
output terminal of flip-flop i59A is connected to the in- 
put of And gate 156A which corresponds to the gate 156 
of FIGURE 4, The output of gate 156A, along with the 
true, output terminal of the fiip-fiop X59A, is connected 
to the input of Or gate 161 A, The output of Dr gate 
16IA is connected through previousiy mentioned con- 
ductor IIS to the comparator 1X6. The other two inputs 
to And gate 156 A are derived from the generator 142- 
in the same manner as in FIGURE 4. The reset input 
^rminai of the flip-flop 159A is connected to the output 
of the counter 122 of FIGURE 4* 

Let it be asumed that a true binary signal is representa- 
tive of a bit. Consequently, hi response to a word 
sync pulse, the 0 word flip-flop 159A will be set to thus 
couple a true signal to comparator 1X6 for 2^—1 clock 
pulses (Ch)^.'ihc And gate 1S6A will be disabled during 
this interval allhough in fact, this would not be necessary 
since the gate I61A would provide a true output signal 
during this period regardless of the inputs to gate 156A. 
After the received word has been compared with the 
‘'O's,” the counter 122 will reset the flip-flop 159A 
to thus effectively remove it from the system until the 
succeeding word sync pulse. Ihe received word is then 
compared with each of the code words as aforedesciibed 
in FIGURE 4* 

Jt should be apparent from the foregoing that it takes 
as long to decode a correctly transmitted word as an in* 
correctly transmitt^ word. The described system can 
further be modified to favor correctly transmitted words 
by continually sensing the contents of the storage means 
130 which will, during the decoding of any received word, 
store the distance between the received word and the 
closest code word thus far compared. Whenever the stor- 
age means 130 stores a distance <<fo/2, it of coutse means 
that the correct code word has been found and that fur- 
ther ^mparisbns with this, received' word are unneccsary. 
A "ready” signal can then be generated to indicate that 
riie. decoding equipment is ready to accept another word* 





It is ptmtM that the deeding embt>diT 

mcnt of FIGII^ 4 isakes tfee assiHnpSoa that the gea- 
erator 144 can be dnvaa at a frequency (2^1) greater 
than the aonaal frequency C/j. in order to trajisrmt in- 
formation over the chaimel at the maximum rate, it 
would be de^rable to sonBaliy drive generator 144 and 
the xegjstsis M, 9k at their masimum rates and 
thus ia aa opmsu^ it would not be possible to 

drive the generator 144 fja^er to puncture the code words. 

la view of tU% m iiltem-ative and preferred e^ribo^- 
meat of’ decoding , appiiratus is showa in FIGURE 6 
, . which ineOiporates a diS^erent means developing the 
' ’ code words to be compared with received word. 

The embodiment of FIGURE 6 is ba^d uppn the 
following analysis. Whm a received 'word of ksgth 
! is circulating in the input regisler, it is neces- 
sary to compare each bit of the received word with the cor- 
respondingly posilioiied bit in each code word. For ex- 
ample, in a certain (60, 6) code., the 7th, 8th, and I3th 
bits or comi:^n^t5 of the (61, 6> cod^ have ^en punc- 2 
7th component of the received punctured 
word must be compared with ihc C0mjK>nent in each 
of the unpunctured code words. As a simpler example, 
consider that the 6ih .bit has been punctured from a 
(7, 3) code. Let any code word be represented thysly: 2 

^1* 63, 

From what has been said thus far, it should be appreciated 
that the component /ja represents the modulo 2 sum of 
Bq and hi; Le. b 2 ^bf}Sbi. Similarly^ 3 

^20 ^^s±=i»jj0 ^ j 0 

and since 3 

Thus, each code word bit or component can be represented 
in terms of the modulo 2 sum of logical products {*^and”) 
of constants and components ho, bi, That is, 

* b^^CQb^^Cibi^C2b% 


punctured code words can be generated. Thus, if the 
sixth bit, b^ is to be deleted, the counter can be coxi^ 
stnicted so as not to define state 5 (i.e. 111). 

Attestios is cow called to FiGURE 6 which illustrates 
a code word generator for sequentially supplying either 
punctured or tinpunclUred code words to the comparator 
228 for comparison with received words, llie code word 
generator of FIGURE 6 can be substituted for the gener^ 
ator 14Z of FIGURE 4 and includes a C coimter ZWB 
compn:^ of binary stages C^, Ci, Cj. In respond to eadi 
clock signal C/j, the counter 200B changes ^ate, succe^ 
siveiy deilrjng all 7 states of Table IV if unpunctuied 
words ^ l^lng processed. In the event the code wordis 
are to be punctured so as to delete the sixth bit or com- 
5 ponent of each code word, the counter 20&B is caused 
to be a scale of six counter defining all but state 5 of Tabk 
IV. The outputs from stages Q, Ci, Cg are respectively 
connected to the inpuB of And gates 202B, 204B, 

The second inputs to the And gates are respectively ^ 
rived from sUiges of a scale of 2^ (herein, eight) 

b . counter The outputs from gates 202B, 2§4B, 

206B arc connected to the inputs of a half adder 210B 
which prorides their modulo 2 sum to the comparator 
12s. The b counter Is i.ncrerr.ented once for each cycle of 
5 C counter. The completion of a C counter cycle is sensed 
by a decoding meads 21 2B which provides a signal to 
gate 214B wiiose output iacrernents the b counter. 

Thus,, by using the arrangement of FIGURE 6, ^e 
deleted dipts in each code word are never generated and 
accordingly, a faster than normal clock rate is not re- 
quired nieanirtg that the normal clock rate can be made 
equal to the ma?:imum rate of the equipment employed. 
An addiiicnal advantage of the embodiment of FIGURE 
6 is that the ali zero code is automatically generated if t£e 
b counter is made a scale of 2^ counter as proposed. 

From the foregoing, it should be appreciated that a 
method and apparatus has been disclosed herein for cor- 
recting errors introduced in digital data between a trans- 
mitting and a receiving station. The invention makes it 
possibly for a system to be easily modified so as to selec- 
tively define desired data rates and error-correcting abil- 
ities in accordance with the condition of the communi- 


where Co — 1 and Cu C2==0. 

f^p;=Co^O©Cibi0C3b2 

where Cj — 1 and Co, C2— 0 ; 

where C2= 1 and Cp, Ci= 0 . 

^2=Coh00Ci^l0C2i&2l 

where Co, Cj^l md C2==0. 

i&4=Cof^o0 Cihi 0 C 3&2 

where Cj, C2=l and Co— 0 . 

=5=Co&o0 Cj &10 Cjbg 

where C^, Cj, C2?=2. 

^ -3= Co^e0C i^i0C2i&5 
where Co, C2=! and Cj^O; 

- .. .Table 2 V summarizes the above equations. 

TABhE IV 
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6y constrocring a counter comprised of stages Co, Cj, 
C2 to successively define the desired slates, i.e. by deleting 
from the counter sequent^’ those. stales corresponding to 
punctured or deleted bits or components, the desired 


cation channel. TJa at is, in FIGURE 6, it is only necessary 
to change the lengths of the input regislers and tile count- 
45 ing j^quenee of C counter 200B to change the data rate 
and error-correcting abilities. 

Although several embodiments of the invention have 
been specifically shown herein, it is poin^ out that stiO 
other variations should be apparent to those skilled In the 
50 art. For example only, data transfers and comparisons 
could be made in parapel, rather than in seri^ as ^own, 
if desired. A significant increase in speed could* thus be 
obtained for the cost of additional hardware. 

Wiat is claimed is: 

55 1. A system for correcting errors introduced in ttsm- 

mitted digital data comprising an encoding apparatus re- 
sponsive to a digital data word for developing a maximal 
length shift register code word corresponding thereto; 
means for deleting digits' in selected positions of said de- 
00 veloped code word to thus develop a punctured code word; 
tranker means operating on said' punctured code word 
to produce a recei ved word including randomly introduced 
errors; means for developing a plurality of pum^ured 
cyclic permutations of said maximal length shift register 
55 code word punctured -by the deletion of di|its ih said se- 
lected positions; and means for cothparing said received 
word with each of said plurality oftpmictared cgrclic per- 
mutationsi 

2. A. system for cGtrecting errors introduced in tens- 
70 mined distal data comprising an encoding apparatus re- 
sponsive to a digital data word for developing a maximal 
length shift register code word corresponding* fereto; 
mc«^ns for deleting digits in selected positions of said de- 
veloped code word to thus develop a punctured code word; 
75 transfer means operating on ^d pimctaned code word 
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to produce a received word iado^og randomly li^odoc^ said pimctored code word is comprised of « digits wterO 
errors; means for deveiopiBg a plurality of punctured 1 . 

cyclic permutations of said maximal length sliift register P. In a digitM data communicatioii system fndudliig 
code word punctured by the deieiion of digits in said a cbaimel for carrying information iiom a source 

lected positions; comparing means for determining the dis- 5 to a data re(^ptade> Orror-^rrecting ai^aratus iGclud-^ 

taiice between said received word and each of ^d plu- . ing an encoding means coapimg said data sou^ to said 

rality of punctured cyclic permutations; means for iddi- chansd and a decoding means coupling ssM^dbanpcl 

eating which of said punctured cyclic permutations h the to said data receptacle; said cncochsg. m^ns iacludiQg 

minimum distance from said received word; and 'means sources of relativdy high and low frequent clock pulses; 

for interprelisg said received word as the punctured lyciic a maximai length shift re^stcr code word generator; a 

permutation which is the miaimuia distance. theyefrom> punidm© sequence programmer re^ster having a number 

3. The system of claim 2 inciudisg a puncture sequence , pf stag^ equal to the timber of digits in one of said 

programmer means defining said selected positions; and code words; means defining a first state is selected pro- 
gating means responsive to said puncture s^uescc pro- grammer regi^er stages; normally respemsive^ to 

grammer means for passing all di^ts of said developed jg said low frequency clock pul^s for sequentialiy acc^ring 

code word except those in said selected positions. said stages of said progrmnincr register and for driving 

4. The system of claim 2 including a puncture sequence said generator to sequentiaily provide digits of a code 

programmer register having a number of digit positions word; means responsive to accessing a stage of said pro- 
equal to the number of digits in said cede word; means for grammer register defioteg a first state for driving said 

defining a first state in each programmer register di^t 20 prp^armner register and said generator in response to 
posilioh corresponding to said selected code word pori- said high frequency dock pulses; a gating respon- 

tion; a gating means; means m said encoding apparatus sive to said low frequency clock pu^s for coupling said 

for sequentiaily applying said code word digits to said digits provided by said generator to said channel; said 

gating means; and means for sequentially coupling said decoding means including nseans for developing cs^clic 

programmer register digit positions to said gating means 25 permutations of said maximal length shift renter code 
for effectively disabling said gating means when a first word and for puncturing said cyclic permutationjs by de- 
state is defined in the programmer register position cou- leting therefirpm digits corresponding to those <igits de- 

pled'thereto. ieted in said encoding iheans; means in said decoding 

5. The system of claim 2 including an input register means for comparing a word applied thereto by said 

for storing said received word, said input register having 30 channel whb different punctured cyclic penautatiqns of 
a number of digit posUions equal to the number of digits said maximal length shift code word and for indicating 

in said received word; means for cyclically and sequea- which of said punctured cyclic permutations is rile inini- 

tially providing said received word didls stored in said mum distance therefrom. • * 

input register; said means for developing punctured cyclic 10 . in a digltai data communication system including 

permutations including generator means for defining a 35 a .channel for carrying information from a data source to 
different cyclic permutation during each c>^le of said input a data receptacle, error-correcting apparatus including an 

register and for sequentially providing the digits of said encoding means coupling said data source to said channei 

defined cyclic permutation; said comparing means being and a decoding means coupling said channel to said data 

responsive to said digits provided by said input register receptacle; said encoding means being responsive to a k 

and said generator means; 40 digit code provided by said data source- for developing 

6 . The system of claim 5 including a counter respon- a maximal length shift register code word corresponding 

sive to said comparing means for countirig the number of thereto; means in said encoding means for coupling said 

digits provided by said input register wbich do cot match developed niaximal length shift register code word to said 

the corresponding digits provided by said generator means; channel and for puncturing said code word by deleting 

a storage means; a hold register; means for comparing selected digits therefrom; said decoding means mclu^ng 

the count in said counter with the contents of said storage ^ generator means for sequentially providing different cy- 
means after each input register cycle; and transfer means, die permutations of said code word, coxrespondingiy 

responsive to said' means for comparing the count in the punctured, and for providing digits of said puBCtured code 

event said count Is low-er, for transferring said count to words in sequence; said generator means, including first 

said storage means and the corresponding cyclic permuta- and second counters; a source of clock pulses; said first 

tion to said hold register. ^ ^ ^ ^ counter being responsive to said, clock pulses for sacoes- 

7. In a digital data communication s 5 rstem including a sively and cyclically defining a plurality of different slates 

channel for .carrying information frora a data source to each corresponding to a different undeleted code word 

a data receptacle, error-correcting apparatus including an digit; said second counter capable of cyclically defining ^ 

encoding means coupling said data source to said ehau- different states, each state defining a differeat one of said 

pel and a decodin.g means coupling said channel to s^d cyclic perinmulldns; means for mcremenling ^d second 

data receptacle; said^ encoding means being responsive counter ia response to each cycle of said first cotiatsr; logi* 

to B. k digit code, provided by said data source for develop- ^.^1 f^eans responsive to each state of said second comit- 

ing a maximal length shift register code word correspond- for sequentially providing digits of a different puac- 

ing thereto; means in said encoding me^s for coupling . tured cyciic permutation; and means for compariag a 
said developed maximal length shift register code word word coupled to said decoding means by said channel 

to said channel and for puncturing said code word by said different cyclic permutations for indicating 

deleting selected di^ts therefrom; said decoding means which permutation is the minimum distance therefrom, 
including means for developing cyclic permutations of In .a digital data comraumcation sy.^m including 

said maximal length shift register code word and for a chaixnei for carrying information from a data source to 

puncturing said cyclic^ permutations by deleting there- a data receptacle, error-correcting apparatus including an 

from digits corresponding to those digits deleted in said encoding means (^upling said data source to said channel 

encoding means; and means in i^id decoding means for and a decoding means coupling said channel to said data 

comparing a word applied thereto by said channel with receptacle; said encoding means including sources of rela* 

different punctured cyclic permutations of said maximal iively high and low frequency clock pulses; a maximal 

length shift code word and for indicating Which of said length shift register code word generator; a puncture 

punctured cyclic permutations is the minimum distance sequence programmer register having a number of stagey 

therefrom. equal to the number of digits in one of said code words; 

S, The system 61 claim 7 wherein said maxima! lenglb means defining a fiist state ia selected programmer regis- 
shift register code word is comprised of 2*^—1 digits and 75 stages; means nofmaliy responsive to ^id low fre- 
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quency clock pulses for sequentially accessing said stages punctured code words in sequence; said generator means 
of i^id programmer register and for driving said genera- . indudlng &st and second countei^; a source of dock 
tor to sequentially pro\dde digits of a code word; means pulses; means for cyclically and sequea^ally accessing 
responsh'e to accessing a stage of said programmer regis- digits H“Oxn said first input register m response to said 
ter defining a first state for driving said programmer reg- 5 dock pulses; said fir^ counter being responsive to said 
ister and said generator in response to said high frequency clock pulses, for successively and cyclically defining a plu- 
clock pulses; a gating Vesponsive to said low Ire- rallty of dljferent sizits each conesponding to a difibrent 

quency dock pulses for coupling said digits provided by unddeled code word digit; said second counter capable 
said generator to said channel; said decoding means in- of cyclically defining IK difierent states, each ‘state 
duding generator means for sequentially providing differ- fining a diire.rent one of said cyclic permutations; meaiis 
ent cyclic i^miutatidas of said code word, cori^pond- for incremepUrig said second counter in response to^ch 
ingly punctured, and for providing digits of said punctured cycle ef said first coanter; logica! means responsive to 
code words in sequence; said generator means including each s^te of said second couiUer for sequentially provid- 
flrst second counters; a thud clock source providing lug di^ts of a di^ereht punctured cyclic 
pulses at said relatively high frequency; said first counter xs tueans for comparing said digits accessed from said first 
being responsive to said third source clock pulses for sue- register with said digits pravfded by said logical 

cessively and. cyclically defining a plurality of different means and for indicating’ the number of iBlsmatches dor- 
states each correspon^sg to a dififerent undeleted code ing each state of said second counter; and means for iden^ 
word digit; said second counter capable of cyclically de- tif>ing^ the permutation containing the fewest digits mis- 
finlng 2^ dilferent states^ each state defining a different 20 f^stching the corresponding digits in said first input neg- 
one of saM cyclic permutations; means for incrernenting ister. 

said second counter in response to each cycle of said first The system of claim 12 including a second, input 

counter; logical means respond ve to each state of said sec- register; means for alternately storing words coupled to 
ond counter for sequenllalfy providing digits of a differ- said decoding means by said channel in siiid first and sec- 
ent punctured cyclic permutation; and means for compar- ^5 ond input registers; and means for alternately comparing 
ihg a word conned to said decoding means by said chan- digits in said first and second input registers with said 

nel with said different cyclic permutations for indicating digits provided by said logical means, 

W'hich perroufatioa is the minimum distance therefrOT. The system of claim 12 wherein said maximal 

12. lu a digital data, communication system including len^h shift register code ward is comprised of 2’**— 1 
a channel for carrying information from a data source to 30 digits and said punctured code word is comprised of n 
a data 3*eceptade, erfor-correcling apparatus including an digits w'here f:^«^2^— 1.: , 

encoding rneans coupling said data source to said channel 15. The system of claim 14 wberein said first Input 
and a decoding means coupling said channel to said data register comprises a shift register having a var iable num- 

receptacle; said encoding means being. responsive to a k ber of stages equal to n and wherein said first eoanier k. 
digit code provided by said data source for developing a 35 connected, so as to define « different states, 
maximal length shift register code word corresponding 

thereto; means in said encoding means for coupling said References Gfted 

developed maximal length shift register code word to said UNITED STAT3ES PATENTS 


channel and for puncturing said code word by deleting se- ^ 07S 443 2/1963 Rose 

lected digits therefrom; said decoding means including a 40 n a 

first input register for storing the word coupled thereto 3;155,818 ,11/1964 Goetz 


340---1464 
. 340^347 


by said chaniiel; generator means ft>r ^quenlially provid- 
ing different cyclic permutations of said code word, cor- 
respondingly punctured, and for providing digits of said 
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